We report a prospective trial comparing the effectveness of a post-operative flexion regime versus a standard extension regime on the early outcome and on the post-operative blood loss of total knee arthroplasty. Fourty-eight knees were divided into two different post-operative rehabilitation regimes: a flexion regime and an extension regime. The two groups were well matched with respect to age, gender, operation side and pre-op diagnosis. All patients were implanted with a NexGen cemented total knee prosthesis and all operations were performed by the same surgeon. Patients were assessed pre-operatively, at the time of discharge, at 6 weeks and at 12 weeks, and were evaluated by means of the Knee Society Score (KSS) and the WOMAC score, the Clarkson criteria for range of motion and muscolar strength measurement, and the Verbal Numeric Scale (VNS) for the pain. Futhermore, postoperative blood loss was assessed by comparing the volume of blood in the drain at the time of their removal and measuring the difference in preoperative and postoperative blood haemoglobin (Hb) in the 2 groups. Patients subjected to the flexion regime had a better KSS and Womac score after 12 weeks and had less post-operative blood loss, requiring fewer blood transfusions. No differences were found between the two groups in terms of pain and muscolar strength. We believe a flexion regime after a total knee arthroplasty is a valid option of rehabilitation treatment and does not result in an increase in wound problems.
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Introduction
Total knee arthroplasty (TKA) is one of the most popular and effective surgical treatments. The outcome of TKA can be affected by the design of the prosthesis, the materials used, the surgical technique employed, and the physical characteristics of the patient at the time of surgery. Another variable that should be considered is the rehabilitation protocol, as it influences both early and late range of movement (ROM), postoperative pain and time to discharge. In order to gain a better and quicker rehabilitation, continous passive motion (CPM) devices have been used flexion to extension [9] [10] [11] [12] , offering the benefits of early flexion to 90°. Furthermore, recently Sharma [13] showed that this protocol affords a lower post-operative blood loss, with lesser need of transfusions, which are costly and can give transfusion-associated infections. Jordan et al. [10] conducted a nonrandomized trial comparing standard and early flexion CPM after primary TKA. Early flexion resulted in decreased length of stay (LOS), decreased hospital costs, and increased ROM at 1 year. On the other hand, MacDonald et al. [11] found no significant differences, at any measured interval, among standard and early flexion CPM regimes and a no-CPM control group.
Therefore, the goal of this study was to test the hypothesis that flexion of the knee in the immediate postoperative period allows a better ROM and outcome and decreases postoperative blood loss and therefore the number of transfusions.
Materials and methods
Between October 2004 and November 2005, we performed a prospective trial of 48 patients undergoing primary unilateral knee arthroplasty due to severe osteoarthritis. The study included only patients admitted for primary knee arthroplasty; patients who had bleeding disorders or who were on anticoagulants in the preoperative period were excluded, as were patients who had previous knee surgery. We also excluded patients with body mass index (BMI) higher or equal to 33 kg/m 2 , patients with severe diseases which could affect deambulation or bleeding (e.g. liver problems, rheumatoid arthritis, severe low back pain), and patients with severe heart or neurological diseases.
Surgical and rehabilitation protocols
In all cases, we implanted the NexGen total knee prosthesis (Zimmer, Warsaw, Indiana, USA) using standard technique, which consisted in a midline skin incision and a medial parapatellar arthrotomy, with patellar eversion; we never made patellar replacement. All operations were performed by the same surgeon (RF) at the same institution and under tourniquet control (250-350 mmHg) after the limb was elevated or exsanguinated. The tourniquet was released after bandaging the limb at the end of the operation. In each knee, one intra-articular drain was used and removed the day after surgery. Capsule suturing was performed at 90°of flexion, in both groups of patients. Analgesia was achieved in all patients by a PCA (patient-controlled analgesia) system using morphine, which was removed 48 hours after the operation and replaced by non-steroidal anti-inflammatory drugs (NSAIDs) if needed.
In all cases, we obtained axial radiographs of the patella 5 days after the operation, in order to let the patient flex the knee enough not to feel pain. Then we obtained standard radiographs (AP, lateral, axial) at 1 month, 3 months and 1 year. Patients also received 4000 IU low molecular weight heparin (enoxaparin) for prophylaxis against deep vein thrombosis, started in the evening of the operative day, and they wore thromboembolic deterrent stockings in the postoperative period. Postoperative complications such as wound complications, thromboembolic complications or soft tissue hematomas were assessed. Clinically suspected thromboembolic complications were investigated with Doppler ultrasound or pulmonary scintigraphy.
Patients were assigned to either flexion or extension regime for postoperative mobilization. The flexion regimen was as follows: -Day of operation. Following skin closure and wound dressings, the knee was placed on a 90°splint, and held on this splint overnight. -Day 1. During this day, pain control was mandatory; all patients still had a PCA system with morphine. Patients started the CPM with a ROM of 70°-100°, twice a day for 2 hours each; the therapist moved the knee passively and actively and taught the patient to repeat these exercises during the day alone. Isometric strengthening of the quadriceps and concentric dynamic exercises of the periarticular hip and ankle muscles were encouraged. Overnight, the knee was again placed in the 90°flexion splint. -Day 2. Same as day 1, but the ROM allowed by the CPM device was 50°-100°. After wearing thromboembolic deterrent stockings, the patient was allowed to sit on the bed or on a seat twice a day for 2 hours each and began knee mobilization exercises on the edge of the bed. Overnight, the knee was again placed in the 90°flexion splint. -Day 3. Same as day 2, but the ROM allowed by the CPM device was 0°-100°. During the course of the day, the knee was alternatively kept in flexion with a foam wedge and then allowed to straighten out with a support under the ankle. The patient was allowed to sit on the bed or on a seat more than on day 2 and started to walk with a walker together with the therapist. Muscular strengthening exercises were increased. -Day 4. Same as day 3, but the knee was kept free during the course of the day. The patient started to walk with two crutches.
The extension regimen was as follows: -Day of operation. Following skin closure and wound dressing, the knee was placed straight on the bed for 24 hours, in an extension splint, with a pillow under the foot, in order to increase the venous backflow and decrease the edema. An ice bag over the knee allowed for the reduction of the hyperemia, the edema and the inflammation. -Day 1. During the course of the day, CPM was applied twice for 2 hours each, in order to passively flex the knee with a ROM of 0°-40°. The therapist passively and actively moved the knee and taught the patient to repeat these exercises during the day alone. Isometric strengthening of the quadriceps and concentric dynamic exercises of periarticular hip and ankle muscles were encouraged. Overnight, the knee was again placed in the extension splint. -Day 2. Same as day 1, but the ROM allowed by the CPM device was 0°-60°. After wearing thromboembolic deterrent stockings, the patient was allowed to sit on the bed or on a seat twice a day for 2 hours each and began knee mobilization exercises on the edge of the bed.
-Day 3. Same as day 2, but the ROM allowed by the CPM device was 0°-70°. The patient started to walk with a walker. Exercises for ROM and muscular strengthening recovery were intensified. -Day 4. Same as day 3, but the ROM allowed by the CPM device was 0°-90°; the patient started to walk with two crutches.
Evaluation
Postoperative blood loss was assessed by measuring the volume of blood in the drain at the time of removal. The postoperative hemoglobin (Hb) drop was determined as the difference between preoperative and postoperative blood Hb concentrations. Postoperative hemoglobin was checked 48 hours after surgery. Blood transfusions were generally ordered when the postoperative Hb was less than 8 g/dl.
Functional assessment was performed pre-operatively, at the time of discharge, and after 6 and 12 weeks. Patients were evaluated by means of the Knee Society score (KSS) [14] , the verbal numeric scale (VNS) for pain, the WOMAC score [15] , and the Clarkson criteria for passive flexion and muscular strength measurement [16] .
Statistical analysis
Statistical analysis included paired t testing and multiple analysis of variance. A value of p<0.05 was considered significant.
Results
Of the 48 patients who underwent unilateral knee arthroplasty, 24 were assigned to a flexion regimen and the remaining 24 were assigned to an extension regimen of rehabilitation ( Table 1 ). The groups were well matched with respect to age, gender, operation side and preoperative diagnosis.
The mean postoperative blood loss in the flexion regimen group was 302 ml (SD=110 ml), significantly less (p=0.002) than that in the extension regimen group (mean, 495 ml; SD=83.5 ml) ( Table 2 ). The postoperative Hb drop was also significantly higher in the knee extension group. There were three cases of wound dehiscence in the knee flexion group and none in the extension group. One patient in the knee flexion group received a blood transfusion compared to 4 patients in the knee extension group. In the extension group, patients with preoperative Hb concentrations less than 11.5 g/dl were more likely to need a blood transfusion. The pre-operative KSS was divided in two parts: one regarding the outcome with regard to pain, ROM and stability, and one concerning the function of the operated knee. Mean pre-operative articular and functional KSS scores were lower in the flexion regimen patients when compared with the extension regimen patients, while the postoperative KSS of the first group were higher than those of the second group: this difference is clinically but not statistically significant. The VNS score for pain was similar between the two groups. Both groups presented a high mean score before surgery (>6.0), which progressively lowered until week 12. Differences in post-operative values are statistically and clinically significant, especially after 12 weeks. Before surgery, WOMAC scores of the two groups were similar and rather high, representing a sign of severe pain, stiffness and functional loss. After 12 weeks, the flexion group presented a lower mean WOMAC score than the extension group: this difference is both clinically and statistically significant. Regarding muscular strength, the groups presented similar trends in extensor and flexor muscle strength. In fact, before surgery patients' strength permitted anti-gravity movements, both in flexion and extension. Such strength was less at discharge because patients could not do antigravity movements but improved to normal values during the postoperative follow-up period. These differences are neither clinically nor statistically significant.
Discussion
Although pain relief is the most important determinant of the outcome of TKA, a good ROM is necessary for a satisfactory functional outcome. Jergeson et al. [17] showed that small changes in maximum flexion can have important effects on functional capability, while Ritter and Campbell [18] stated that a minimum flexion of 90°is necessary for normal daily activities.
After continuous passive motion was introduced in 1976, patients started motion in the recovery room but the increase in flexion was slow because of concern for wound healing [7] ; therefore, it usually took 10-18 days until patients were discharged with 85°or more of flexion [7, [19] [20] [21] . The problem in restoring normal function after TKA has always been to obtain a consistent ROM irrespective of the large number of variables that can produce stiffness. We believe that an early flexion regimen, together with appropriate physiotherapy, can achieve this goal. Our results suggest that patients who had a flexion regimen of physiotherapy have better clinical and functional scores, better flexion at discharge, feel less pain at discharge and have better WOMAC scores. We did not find noticeable differences in muscular strength between the groups. Furthermore, we did not find problems regarding anterior knee pain in the flexion regimen group of patients during the follow-up period; in fact we found that, if they had to choose where to localize their pain, they would have chosen the posterior part of the knee, maybe because of a reflex contracture of the ischiocrural muscles and tendons.
Previously, Johnson raised concerns about flexing knees to 90°in the early postoperative period, outlining that this regimen can have harmful effects on skin viability [7] . In fact, Ackroyd et al. [22] reported three cases of severe skin necrosis following a flexion regimen in which the knee was held predominantly in flexion for 5 days.
This study provides evidence that early flexion according to the reported protocol is safe. However, it should be noted that we took great care with wound closure in flexion and always ensured that dressings were not too constrictive. We believe that three nights with the knee held in flexion by a splint are enough to gain a good flexion; during the day, the knee is not fixed in flexion, but taken into progressive extension by the therapist and the CPM. Our flexion group had no increase in wound problems and there were no pressure problems as a result of lying with the leg flexed overnight. We have not seen skin necrosis either during the study or subsequently.
One of the main concerns about this kind of surgery is blood loss: we noticed that, when using CPM instead of complete extension, patients needed fewer blood transfusions. So, we believe that a flexion regimen can help patients restore better knee function and lose less blood as well. Although the exact mechanism of reduced blood loss in the flexion group remains unclear, we believe that a tamponade effect induced by reduced suprapatellar and patellofemoral spaces may be involved; another explanation is that the vessels of the popliteal fossa could be compressed when placed on a 90°splint. However, we trust more in the tamponade effect of flexion over the suprapatellar pouch, due to the absence of complications caused by compression of the popliteal structures (e.g. phlebitis). In conclusion, maintaining the knee in 90°flexion in the immediate postoperative period followed by continuous passive movement of the knee led to better outcomes at discharge and after 12 weeks in terms of passive flexion, KSS and WOMAC scores and blood loss, with a decrease in the need for transfusions, especially in patients with a pre-operative Hb concentration less than 12 g/dl. There were no substantial differences in terms of pain or muscular strength.
